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++. yet how far both of them come
of the truth mav be somewhat perceived
by the draught which I have added ¢f
it ... but much better by the Reader's
diligently checrving it himself, at
.a convenient time ... ¥

.

T Robert Hooke, Observation LX, Of the Moon
- ' Micrographica, 1665,




INTRODUCTION

When an area of bottom is disturbed by.natura% or
man~induced events so that its ‘'equilibrium’ species com- .
position is radically altered 6r eradicated, it becqmes
available for recolonization by adults of motila species
and planktonic and swim-crawl lérvée of both motile and
A sessile species. Ths order of appearance of speciss dﬁ
?f:' - the open bottom area is a function of the potential colo-

. nizing species! motility, availability(reproductive strat-
;Qg} '. egy and potential, seasonality)and ths exteant tc which
the Speciéé are attracted to and can survive on the dis-

turbed arsa,

The cdolonization may'ihvolve'chéngss of speciss
Ny composition as the environment is modified directly and
indirectly by biotic and abiotic factors. This primary

succession is well described for terrestrial plants.

When an arsa of ground is open.to colonization, a pioneer
 ;, assemblage of plants, adabted to survive in the conditions
existing in the open area, snter and modify the prebicusly
.open area for later colonization, (e.g. Shade intolerant
tree species epter an open araa and modify the previous
environment so that shade tolerant - sun intolerant species
are able to colonize, (Horn, 1971))

In the marine snvironment, thsre have been few oppor-
; B “tunities to study coionization and succession, Brandt(1897);

Shelford et. al,(1935); wilson(1958); Roisn(1961); Stona(1563);
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Pfitzenmeyer(1970); Howell and Ska%ton(19?ﬂ); Peérce(19?0);
‘ Pratt(1972). These studies have besn primairly concerned

with the effects of dredging and spoil duhgfng on the ecol-

ogy of benthic communities, They are valuable as a first
E; ~step toward characterizing colénization and succession in
the benthos, but they miist necessarily deal with relatively
uncontrolled, large - scale events, and are thus limited
in their ability torproduca accurate, predictive knOwlédga
of benthic recolonization and succession., MOrs'quantative
and prédictive studies of colonization and succsééion in
tarréstnigl and marine environments have been conducted
by Simberloff(19569); Simbsrloff and Wilson{1969); and
Johnson(1971). :

The study described hcre usss the fechniqua of arti-

ficially manipulating bottem conditions in the field to

'study.the effects of such changss on the resulting structure
and function of the populations in the cpmmunify.

Until reésntly, a major task of marine benthic ecology
has been to delimit groups of animalé which rsgularly oceur
§pgether(thase groups of recurring spacies are cdlléd commun-
.itiss)and relate their distribution and atundance to pre-
vailing Hydrographic and_sadimentologic fzctors., Thess
studiss ars an important first step in diszcovering what
varisbles control the distribution and abundance of the
marins. benthcs, and continue to be of impurtance i? relatively
~unstudied environments such as the deeo sza and tSe Antarctic,

Thess studies. iiowever, are only able to zxplain factors

&
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operating on relatively la}ge'scales. Beyond this their

"chief value lies in determining the bounds within which

.
: further study should take place. J !
;; New and more precise knowledqge is reauired to ex-
{j plain the mechanics aof Epe relétionships batweéﬁ the en-
ff vironment and the distribution and abundance of the marine
}¥y benthos, Knowledge af predictive value requires detailed

»W{ - study in restricfad areas using new technigques of study

| | and data collsction, The project descriﬁad heré‘is a guan-

tative sxperimental study of the effect of aifferent bottom

conditions on the scologic structuré and pOpuiation‘dynam-

ics of a macrofaunal bottom community in Lbng Island Sound.
It is the purpose of tbis.study,to geasure and eval-

uaie tne éffect of various biotic and physical-chemical fac-

tors on the structure and function of tha gpopulations in an

'#é | experimantal Long Island Sound bottom community.
,fﬁ? ' Possible important enQironmental factors and their
- hypothetical relation to the sﬁfucture and function of the
community are illustrated iﬁ Figure 1. |
"It is implied in the graphical model and hersin hy-
‘pothesized that many of the population chamges in estuarins
environments are in fact colonization procssses. Partly
due to climactic variability and to its shmllow, enclosed,
nearshore position, Long Island Sound is a highly stressed
environment(sse Slobodkin and Sanders, 196%). Thefbottom
.communities must continually recover from local naturail

AN and man - induccd disturbances. Preliminary results indicata
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FIGURE 1
ENVIRONMENTAL FACTORS AND THEIR HYPOTHETICAL RELATION TG
"THE STRUCTURE AND FUNCTION OF THE COMMUZITY
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that this recovery approximates a successional process, In
'addition, the marked seasonality'of_theée waters requires
maﬁy species to conduct annual recolonization of the, bottom

from an overwintering 'remnant' population:

GEOGRAPHIC AND GEOBfﬁPHYSICAE BACKGROUND
?ﬁ | Long Island Sound, together with neighboring embay-
tﬁf o meats to the north, constitutes a charactsristic boreal,
nearshore, marine environment., Long Iéland éound is approx-
imately 90 miles long and averages 18 miles in width with
a totai area of sbout 930 square miles., Most of the Sound
is less than SU‘maters deep. The annual temperature range
is 23 ¢c° (2b - 25% €}, and the normal seasohal salinity

flux is about 4 o/oco (25 o/00 ~ 29 o/oo). A small thermo-

élina'is present From February -~ March wuntil August, while a
s - vertical salinity.gradient exists throughout the year(Riley,
1956). Inshore éreas exhibit a more thotoughly mixed regime
h;ﬁf' with little if any thermal or salinity stratification(Gordon,
;ﬁjﬁ | Turekian, and Rhoads, 1972).- A summary of the seasonal surface
;ﬁi temperature and salinity conditions(1952 - 1953) is given in
 %; Figure 2.

Although it is a more brackish body ef water, Long
Island Sound shares its major biofacies with the northward
Buzzards Bay (salinity about 35 o/oco) (sea Rhoads and Young,
1970 for a2 review of the biologic literature of Buzzards Bay).

The important work on the distribution of bottom communitios
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FIGURE 2

SEASONAL CHANGES IN SURFACE TEMPERATURE AND
SALINITY IN LONG ISLAND SOURD(From Riley, 1556)



TEMPERATURE {°C)

. .

. - e
[P TR ]

Fig. 1. Seasonal changes in surface temperature and sehinity in Leng Island
o~ TR - :
Sound. {from Itiey, 1536),
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has been done by Sanders{1956, 1958,1960) and also Buzas

' (1965). Rhoads(1963,1967,1976,1971,1973) has conducted

transect studies and more detailed examinations of dnimal -

saediment relations in this environment.

[T

" STUDY AREA - (

Figure 3 sﬁows:the lbcaticn of the experimental
station and grab sampling stations occupied to dgte. The
table following lists the vital statistics ér the grabs
taken, . | |

The site of the recolonization experimant is lo;
cated at 41° 13.32' N 720 44.16' W, approximatsly two
miles from the Cennecticut coast, ét a dspth of 12 meters
(Mean Low Water).

"The surrounding bottom material is compossd pri-
mairly of very fine sand ana silt; the clay constituency is
approximatély é_% by weight, a&d non-calcarecus coarse-~grain
material is predominately mica blatelets. The dominant
coarse material, bivalve shell fragments, are often found
exposed on the sediment surface. Direct observations by
SCUBA divers indicate that ths bottom material is fairly
cohesive beneath the thin (2 - 5 cm.) top layer which is
composed of fecal pellets.

Direct diver observaticns and phot@graﬁhs offt the sed-

_iment surface show the surficial markincx to be generally

physically procuced. Gtrosional features such z2s scour marks

&
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and sediment streaking are common, and become more pronounced
" with the onset of winter. (DeFinitalripple marks were obssrved
on 3 March 1973, but were not obserﬁed at the most recent
sampling on 3 May 1973.) Various biologic"markings'such as
the tracks and trails of gastropods, eéhinodsrqs, and crus-
taceans, worm and amphipod tubes, bivalve sipﬁonal openings,
various burrows, and fecal castiBQS'ara also found, -Large
fragmentsa of marine and terrestrial plants are commanly ob-
served passing over‘tha surrounding bottonm,

Salinity, temperature, and turbidity ﬁeasurements
(Cordon, Turekiaﬁ, and Rhoads, 1972) show the experimental
site to be subject to a high degree of turbulent mixing.

The water column in the area exhibits no summer pycnocline,
thermoclipe3 or pronounced turbidity stratification., The
absence of a denéity gradiqnt'and‘the presence of tidal mixing
indicate that the experimentzl site is subject to major
salinity changes resﬁlting from major rainfall events such

as Hurricane Adneg which resulted in an influx of freshwater
comparable in magnitude tc a second spring runcff event(psrs.
comm. Larry Benninger, 1972). )

Weavo action during storms is also important, since
the 'experimental site is in shallow watsr such waves are
a powerful agaent for erosion and resuspension of bottcﬁ
material.

Tidal current velocity profiles obtained from the
experimental sites by means of a Price current meter exhibit
a typical logarithmic form, Dbservéd Baottom velocitias

ranged from 3 to 5 cm./sec,
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EXPERIMENTAL DESIGN

The goal of this projesct is the thorough documentation
of the colonization process and succession of macrobenthic

organisms on ap artificial bottom area. An experimental

‘design was chosen that successively subtracts sffects due

to the presence of other organis%s in the community (PLOT 1),
predators (PLOT II), waves and currents (PLOT 1II), and
temperature (PLOT IV). It was also desired to sample the
natural bottom at the éXperimental sité (PLﬁT V) to follow
natq;al changes in the biology and sedimentology at the site,

Plots I and Il consist of 11' x 13' shallow wooden

- boxes which were constructed onshore and into which 10C C.1 m2

azolc mud sediment containing plastic pans were placed.

iith flotation attached, the apparatus was towed to the ex-
periméntal site and sunk. Plots I and II originally consisted
of six of these 100 sample units. Two of these are assigned
to Plot Il and ‘are covered with 4" galvanized hardware cloth
to exclude predators. At present, these anti-predator screens
have been removed by wave and tidal action., They wili be re-
placed by mors substantially constructed screers in lats May
19873, The remaining four 100 sampls units are assigned to
Plot I. Two of these units are being randomly sampled at
regular intervels, The remaining.two are being Qsed té décu-
ment long term effects and are not to bs disturbed for 12 te
15 months from the initiation of the experiment (27 July 1972j.
One of the long term 100 sample units was lost socn after sm-
placement end ie presently missing,

Plot III is a 100 sample unit sstablished in an onshore

&



aquarium to remove the sffects of waves and tideé. The physipal
" facilities are presently ccnstructsg; but they have‘not yet
been put into operation. o ,

Plot IV is an additional shorebased 100 sample unit .
whicﬁ was to bes temperature controlled. This was not com-
pleted because it was found to be too costly £0 construet the
necessary heat exchanger. |

Plot V is the natural bottom area of the Sound. This
is being sampled every six wesks in the vicinity of Plots
1 and II by means of a .147 mZ and a ,025 m2 Van-Veen grab
sampler to establish the gensral existing community character-
istics of thp surrounding mud bottom area. Outlying areas of
the Sound's level botiom are being sampled by the same grabs
on a seaspnél basis (see Figure 3 and table following it for

details of grab sampling transects},

fﬁgi .Samples from D}ats i and II are taken which represent

L?E | colénization from the beginning of the experiment and colo-

?i‘ - nization of sahbles replaced at the previous sampling interval.
.”  To test plect size e?Fects, replicate experimental plots
jiil 1/5 and 1/50 the size of the main experimental plots(?0 and 2

N units respectively) have bsen emﬁlacéd on the study site and
will be sampled at the end of the 12 to 15 month perlod for
comparison with the larger main plots,.,

It was observed that when the 3" screens were in place
on ths experimental plots there was increased sediment accum-
ulation in the sample pans. When the anti-predatcr screens
are replaced 2" screens will be used to negate this effect if

possitle, Figure &4 is a schematic of the offshors experiment,



fo

FIGURE 4
SCHEMATIC VIEW OF EXPERIMENTAL SITC
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DETAILED METHODS

" CONSTRUCTION OF OFFSHORE PLOTS: - The six 100 sample unit

plots are 11' x 13' shallow wooden boxes cgﬁétructeq of
2 x 6 plank framing and 3/8" plywood floorirg with 2 x 4
reinforcing members. The plastic sample pans placed in the
plots were filled with defaunated mud dredged‘Prom the
Yale Biclogical field Station hérbdr, 0ld Quarry Road, Guil-
ford, Connecticut. Defaunation (for macrofauna) was accome-
plished by psrmitting the mud filled sample pans to dessicate
in the sun Fof a period of from one to itwo wesks:. Fresh
water was added to the mud at the end of thz: defaunation
pefiod.to'reconstitute the physical propertiies of ths mud.
Thelsmaller, area sffect, plots are identical in
construction to the large plots but are resrectively 1/5 and
1/50 their size. At present three 1/5 and dwo 1/50 size
ﬁlots.ara in operation at the esxperimental =its,
LOAD ING pROCEDUﬁE; To prevent washout duritg towing and
sinking, and to ﬁrevant‘premature faunal ssitlement, each
of the plastic sample cells was coversd withk 6 mil, black
polyethylsne sheeting. These covers are sesured to ths
sample cells Ey means of elastic bands fabrdicated from truck
tire innér tubes. The covered sample cells were then loaded
onto the plot boxes and secured in place by passing 16 gauge
steel wire through the plastic tray handles and attaching ths
wire to the sidss oé the plot boxes. The Usading ‘procedurs
was carried out with the wooden plot boxes alongsgée the

ield station dock or asground belcw the hijh tide iine since

‘gﬁl



cr
4
3%

no facilities were available for handling the great weight

" of the loaded plots(4000 lbs. for the large units and 80O

lbs, for the 1/5 size units)on land. ‘

Flotation for ths large plots was p?ouided b; three
55 gal. steel drums arranged in a triéngluar fashion and
attached to the plots by 16 gauge steel wire. The 1/5 size

units were fitted with two 30 gal. steel drums. All drums

were fitted with pipe nipples and end caps to facilitate

bouyancy contruol, The 1/50 size units presented no weight
problem and were simply losded aboard the -drop vessel and
lowered from the deck at the experimental site,.

TOWING: .fhe large and 1/5 size units were originally fitted
with eyebolts in their forward corners to wihch a towing
bridle was attached., This arrangement proved to be unsatis-
factory and later tows used 1" holes drilled in the forward
corners of the units for zttaching the towing bridle.

After the Firsf tow and drop attempt it was found
necessary to pgoﬁida the units with detachable drag reducing
structures, )

EMPLACEMENT: After comiqg'on station, the drop vessel made
fast to the experimental sits bouy, and the sample unit to

be emplaced was brought alongside. At this time the drag re-
ducing structufes were rsmoved and the descant bridle was
attached to syebolts at each of the units %our corners,

The descent btridle was then attached to the drop vessel's

winch line. At thispoint three divers entszred the water

&



to begin flooding the flotation drums. This flooding was

conducted under the sypervision of a 'drop-supervisor' to

assure plot trim during descent. When a slight negative
bouyancy was achisved, and the trim of the-plot was con-
firmed, the unit was permitted to slowly descgﬂd.

After the plot reached the bottom, a team of SCUBA
divers dropped down the attached wfnch line to seéuré é
mérker bouy to the plot. After this.was‘accomplished,
the divers cut the flotation drums free and attached them
to the drop vessels winch line and detachéd‘descén£ bridle.
After the divers had returned to the surface the drums were
hauled aboard ths drop vessel for future use;

INITIATION OF EXPERIMENT: When all plots had been emplaced
on the expefimental site, SCUBA diQaré removed the steel
wire sample csll retaineré'and samplercéll movers; All of
this material was collected infﬁesh-bags ard returned to the
surface for disposal on shors.

The predatorrscreens, which wsre consiructed of 2 x 2
framing and +" galvanized hardware cloth were emplaced at
this time, This arrangemeﬁt proved to be extremeiy flimsy
and the screens weré very'quickly destroyed by wave and
current action, These are to be replaced im May 1973 with
mare substantial materials as described earlier.

SAMPLING: Although the original experimental design speci-
fied the removal of two samples from each of the screened
and unscreened continuously sampled plots, this plan was

modified by various technical conrciderations such that two



samples were removed at each sampling interval from one
) originaliy unécreenad plot., The géhplas removed were re-
placed by azoic sample cells, and ﬁne of these was removed
at the next sampling interval to record racalonization during
the slapsed time between sampling intervals. The samples
to be recovered were chosen randomly. . '
Recovery of samples was aécomplished by SCUBA diver.
The diver lodated the desirsd samples by means of numbers
and letters painted on the sides of the plot, ¥emoved the sém-
ples and covered‘thsm to prevent washout.
After reaching shore, the samples were fixed and stained
in a sblﬁﬁion of 3 % %ormalin and 10 % rose bengal, This
stain permits more rapid scorting of the animals in the sample.
After three days in ths fixative stain, the samples were seived
through a 250 micron mesh;.and the matter retained was preserved
in 95 % methanol. The animals were removed from this material
under a dissecting ﬁicroscopa and identifisd to species if
bossible. Tﬁe'identification grocadﬁre involved the use of
standard invertebrafe keys for the region {Gosner,1971; Smith,
1964 etc.), consultation_with taxonomic experts, and comparison
with known specimens from the Bingham Dceamcoraphic Collection.
The identified animals ars storsd in 95 % msthanol for later
measurament, biomass detsrmination, and chemical analysis,
CORING PROGRAM: A series of twslvse cores fs taken at each
sampling interval, Six from the surrounding bottom and six from
insica the plot sample cells. These afe later analyzed for
water content with depth, All cores ara taksn by hano. A

sediment reworking experiment is also cored {for X-ray snalysis,



ol LARGE EXPERIMENTAL PLOTS UNDER CONSTRUCTION AT YALE.
i FIELD STATION -
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MOVING LARGE PLOT TOWARD WATER. THE LARGE SIZE OF THE
PLOTS MADE THEM VERY DIFFICULT TG HANDLE

&5



PREPARING TO TOw EXPERIMENTAL PLOTS FROMW YALE- FIELD STATION
HARBOR TO EXPERIMENTAL SITL
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TOWING PILOT STUDY PLOT -~ BUZZARDS BAY, #ASS., 1971.
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PILOT STUDY PLOT
BAY, MASS 1971,
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BEING MADE

READY FDR DESCENT -~ BUZZARDS



SEDIMENT TRAP: To document the resuspension rate at the

" experimantal sits the apparatus shown in the following plate
was built and emplaced on station on 15 August 1973.; The
trap is constructed of 2 x 4 lumber and 3/8" plywood. The
base of the trap contains approximately 308 1bs of concrste
to maintain stability and the ceptral 2 x 4 shaft is secured
by means of 3/16" stainless steel cable tightenad-by.thn-
buckles. ‘ A

L The suspended sediment 1s collected by means of eight

| 1 at1 screw top glass jars arranged in.pairs'at {15; 1, 2

) and 3 -meters above the bottom and sscured to the cross mem-

bers of the trap by elastic bands, These jars are collected

at each sampling interval by a SCUBA diver. The bottles are

capped be?oée removal to praﬁent washﬂut, and fresh jars ars
\-/ ' secured to the trap by the ‘diver. In the lab the sediment is
~dried'and weighed and znalyzed for grain size cecmposition,
HYDROGRAPHIC VARIABLES: Current profiles, %emperature, salinity
and turbidity measurements at and around the experimental site
h@%" were made by a work crew under the directiom of Robert B. Gordon,
Department of Geology and Geophysics, Yale University. |

 ﬁ' ) Qurrent measurements were made by a Braincen type 38B1.

| film recording histogram current metsr bottom - moorasd to

a steel weight secured té a Danforth anchor. The mestar was.
placed 180 cm. above ths bottom. (This height is within tﬁe

zone of active transport of sediment, but is sufficient in

height to discourage interference with the meter rotors

o
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. motils benthic epifauna) (Gorden, Turekian, and Rhoads,
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Velocity gradient meqsu?ements from top to bottonm
“of the wafer column wers madse Frcm é'moored bgat with a
~ Price typs current meter. The procédure is to moor the
boat at bow and stern and support ths metef on a tauht
wire running to a weight set on the boftom. Electrical
pulses gensrated. by rotation of the meter bucket whesl
are indicated on a strip chart récorder; current speed ‘is
found by counting the pulses rscorded over a fixed time
?;1 interval using the manufacturer?s calibraticn data for the
meter, (Gordon, Turekian, and Rhoads, 1972}.
.J j‘ . "Turbidity profiles were made with an sptical trans-
;%é ‘ missometer built in tﬁé Yale Geology and Geophysics lab-

oratory. The transmission of white light through a 10 cnm.

column of water is measursd by this insturment., An attached

thermister records temperature.

"Salinity profiles were taken by means of sn induction
salinometer(Hydro‘prﬁducts, San Diego, Calif.)
'Eﬁ!  FAUNAL SURVEY PhDGRAm; In order to have a detter understand-
s ing of the benthic biology of Long Island Sound, a transsct
sampling program was undertaken to detesrmime large scale
-faunal distribution, seasonal affects, and sedimentology.
These samples were treated in the same manmer as those from
the experimentél plots. -A subsample was removed from ezch
sample and analyzed for grain size composiiion. This matérial
was decalcified with .1 N HCl and allowed io dry after rinsinfg.
The dry material was then pulverized and sybjected to ssiving

and pipstte anzalysis, The analysis of the sediment From



the sediment trap experimeﬁttwere not dscalcified before
'seiving and pipetts analysis as the' size and amount of
— shell material was of interest,
Additional data on small scale faunal &istribdticn
was tollected by work parties under the direction of Donald
C. Rhoads, Department oﬁ.Geology and Geophysic;, Yale Uni-
Vversity from the New Haven dredge gpoil dump éite_anq.sur-
T rounding areas(see figu}e 3)., All of these samples were
cellected by means of a .147 m2 Van Veen grab operated
from the U, 5. Army Corps of Engineers.tug,'Manamet.
HABITAT DOCUMZNTATION: Diver photographs aéd cbservations
 : are available for the axperimental site, Station A3{(Guilford
dredge spcil dump site), New Haven dump site, and Northuwest

Control site. These are of great valuye in the environmental

o | interprefation of the Long Island\Sound‘muﬂ bottom. These
’qu: | photographs wers mads by a‘SS mm reflex Nikoemar camerz in an
Al Giddings U/W housing using a Strobonar flash unit and by
a 35 mm Nikonos uéing the same flash unit, The subject to
lense distance is about 30 cm in all cases.

DATA ANALYSIS: All Faunal‘data was keypunched on cards and
keyverified. Processing and plotting of the faumal data was
done on therYale IEM 370 and IBM CALCOMP plotter. Mapping
of small scale Faunal di;tribution from Rheoad's data for the
molluscs at thz Northwest Control site was done by means of
an overprinting program, Diversity.ddsterminationidtyerermads

{ using the Brillcuin formula for information bites per individuel,



ALIQUOTING PROCEDURE: The' extremely large numbers of small

" polychaete worms and amphipods presgnt-in the samples from

the experimental plots necessitated aliquotinig of the total
samples, The entire sample was weighed and a subsample of

approximately five grams was removed {the exact’ weight was

‘determined in each cass). All organisms in the aliquot were

counted. The total abundance cof the numerous small poly-~
cﬁaetes and amphipods was then determined to within 5 % by
scaling the values obtained from the aliquot to the total

sample‘&eiqht. Larger organisms were counted for the entire

sample,

RESULTS AND DISCUSSION
i. The Physical Eﬁuironmené
The experimental site, being an i&shbne area, is
subjebt to s high degree of environmental sikress., Tidal
turbulence dominates the physical snvironmemt since it is
the most important agent for resuspension of sediment and
bottom erosion., Suspended sediment values For the sits

determined by mesans of a sediment trap appazatus ére quite

high, ‘The .15 m. level of the sediment trap gives values

ranging between 100 and 200 mg./cmzfday(sea Figure 5). These
values are approximately-an order of magnitids greatesr than
those obtained Tor a subtidal envirocnment in Buzzards Bay,
Massachusetts by Young (1971). There appears to be a slight
seasonal variation apparant at the .15 m., lsvsl with higher

values appearing during warm conditions and smaller values

‘gy
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' . FIGURE 5
RESUSPENDED SEDIMENT AT EXPERINMENTAL SITE
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during cold conditions., This would be expected since less

" sediment 1Is reworked by organisms auring the wintsr due to

their reduced metabolism. The disfinctionldf higher values
vs., lower values for seasonal change is nq; at all élear from
highsr levels of the sediment trap. i would attribute this
to lack of experimental_replication due to lost trap bottles.
It is also conceivable that higﬁer-currant velocities at higher-
elevations above the bottom altered the amount of sediment
fetained. |

Wave action duriﬁg storms and high winds is a very im-
portant factor for sediment resuspsnsion of sediment and bottom
erosion; ‘Waves are able to erode and resuspend much larger
particles than normal tidal currents., A starm event in late
Novemberlor sarly December 1972 deposited shell fragments
which wers 1-2 cm, in width in the ,15 m. lzvel of the sed-
iment'trap. Wave stress on the bottom is am aperodic affect
and cannot be accurétely predicted, however it is evident
that it is an éxfremely important envircﬁmemtal stress. Really
major storm events on the sound which are recorded in the sed-
imentary record as major storm deposits hawa an appérént
periodicity of approximately 30 years from radiometric dating
(Gordon, Tdrekian, and Rhoads, 1972). |

The highly physical nature of the environment of the
experimental site is recorded in the surfirial Featureé of the
bottom as described earlier, The esxperimestal site differs
from offshore {25 --30 meters MLW and deepsr) arsg% iﬁ this
respect, The offshore regicns although unier intense physical

stress are zpparently less affected than isshors regions and
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represent a more stable situation. The surficial markings
“on offshors bottoms are predominatély biolegic in nature.
~ There is evidence that the offshoré bottoms do undergo per-
fodic erosion, howsver they are obvioqsly“nat as strongly
affected as inshore areas, _ .

The onset of winter and tha_correspondiﬁg temperaturs
decrease causes high,mcrtalit? in benthic populations and
appears to be a very important regulating factor in comm-

?S: unity structure in all areas of Long Island Sound., The

| occurence of more freguent and seuera'storﬁs in winter
accﬁmpénied by décraased temperature have a much more power-
ful eFFecf on inshors areas, and in soms imstances aré sure

to have catastrophic effects on inshore benithic populaticns.,

Bottom surficial merkings at the experimental site
during the winter indicate, increased erdsiom and reduced sed-
iment'remorking. The markings ressmbled rigple marks in form,
The erosional Faqs SF the marks was coversd by shell debris,
while the depoéﬁtional face exhitited finer material(apparently
very fine sand and silt). Since substrate characteristics
are very important for larval settlement amd recruitment such
larqge pﬂanges in the nature of the substratum dus to large
eraosional events during the winter must be of great importance
in determining community structure and envircnmental pa£chi-
ness., It was also noted that the bottem méterial was much more
cohesive during the winter as it could not be penetrated easily

by a diver's hand,



. I11. Recolonization of the Experimental Pldts

The most striking aspect of the recolonization of
the experimental plots is the rapidity and.intensity with
which it occurred, Within 10 days after initiation of the
‘experiment, faunal aensiiy on the experimental plots had
reached an unexpected level of 500,000 individuals / m?

cémpared to 14,000 individuals/ mZ oécurring in the surr-

cunding bottom.(See Figure 6). As time progressed, the

population density in the experimental.plots conﬁiﬁued at
. a high level relative to the surrounding bottom. As can
-ff; be seen in Figure 6 the population density of the experi-
mental plots continuously decreases and experiences a rapid

decline with the onset of winter. Poﬁulation density values

for the surrounding bottom' remain at a fairly constant level

if?i until.winter effect produces a relatively slight decline,.

Data from the replacement samples irdicates that in-
dividuals were arriving on the-sxperimental plots(and presum-
f?é‘ ' ably on the surrounding bottom)until +93 days. Later values
for recruiiment of individuals ars not as large as éhosa from
the late summer.

The number of species present on the experimental plots
exhibited an initial burst te 14 species followed by a - slow
rise to 20 species at +90 days. After this time the number
of specles presént crashed to a low level.{See Figures 7 & 8)
The pattern for the surrounding bottsam chows a constant number
of species over the first three samﬁling interuals rising to =a

peak at +90 days and declining thersafter.



‘ FIGURE 6
NUMBER OF INDIVIDUALS QVER TIME
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FIGURE 7 |
NUMBER OF SPECIES AT EXPERIMENTAL SITE 7/72~3/73
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FIGURE 8
CUMULATIVE NO. OF SPECIES AT EXPERIMENTAL SITE
7/12-3/73 '
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The peak number of species present at +50 days in=-

[

gicates that the extinction rats.for newly .settlinqg species

was low at this time. This is possibly due tp reduced pred-
ation pressure as very few predators were qﬁserved.b; divers
at this sampling interval, . .

The seasonal mortality effsct is oparatfve in both

-

the experimental plots and in the siirrounding bottom, but

the results are more catastrophic for tleexperimental plots.

Diversity values over time(Ses Figures 9 & 10)indicate
that the surrounding bottom area has relatively constant di-
versity levels with a slow rise to a peak valus at +180 days.
Diuersity.values for the experimental plots show a sharp
rise to a peak value at +90 days and a repid dscrease thers-
after. The diversity values Tor thes éxperimantal plcis are
consistently lower than tHOSe.oF the surrounding bottom. This
iends to indicate thgt the cbmmunity of the surrounding bottom
is "highsr gradg"‘than'that-of the experimental plots.

Equitability(H/H(Max))ouer time for the surrounding
bottom area shows a relatively ponstént valge until +90 days
and a rising tendency tharéaftar. The experimental plots
exhibit a rise in squitability until +90 days, a sharp drop
at +180 déys, foilowed by a sharp rise at 4220 days. The os~
cillétions of equitabiiity in the experimeptal plots tends to
indicate that the plots are more unstable fiologically than
the surrounding botﬁom.(Sae Figuras 11)

The macro-bioclogic picture for tﬁc experimegéal plots

shows a rapid initial colonization orocess cccurring in late
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FIGURE 9
DIVERSITY vS. TIME - EXPERIMENTAL SITE
7/72-3/73
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EEA - FIGURE 10
| CUMULATIVE DIVERSITY VS. TIME - EXPERIMENTAL SITE
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FIGURE 11
TIME AT EXPERIMENTAL SITE
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summer and early fall followed by a cessation of colonization

“with the onset of winter and a ropid decline in both popula-

tion density 2nd species numbsr, The biologic compogition
of the experimental plot community appears.to be unstable

and suffers greatly from winter mortality., 1In contrast,

‘the surrounding bottom community appears to be biologically

and physically accomodated, and is much less affectsd by

.physical and biologic events.

An attempt was made to apply equationg developed by
flacArthur and wilson(1963) to predict g(équbibridm‘specias
number)Fo; the experimental plots. It was found, however,
that the immigration rats of new species was non-linear s0
the equations could not be appliad. The reason for the
non-linear nature of the immigration rate in the case of
the experimental plots is proﬁably due to the-Fact that the
digtahce between the plots arid the source population is zero.

It is interesting to note hera that replacement sample
data indicates a lower influx of new individuals as time pro-
gresses with a complets shutdown of the influx at +220 days,
If defaunation of an area of bottom took place in late fall
or winter it appears highly unlikely that sufficient re-
celonization of the areaz would occur to stabilize the sedimsnt
physically. This meahs that a soft bottom area defaunated
at a time aof low ar non-existent eolonizatign potential of
the surrounding bottom would be subicct to intense erosion
by waves and tidai currents until a deflation armor of shell

debris could be formed by the erosiocn,
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III. Succession‘or Sequencing in the Benthos

At the first sampling interval over 2/3 of the
species and over 95% of the individuals present on the

experimental plots wers deposiﬁ feeders; the majority of

‘these were also tube dwellers. The two most important

species, Streblospio benedicti (90.6 -« B5.4 % of total’

individuals) and Capitells canitsta (6.7 ~ 10.5 % of total

individuals) are definitely opportunistic speciés. Bath
specios exhibited extremsly high populatiumldensities at
the ihitial samnling and both exhibited hizh mortality over
time. In—addition, data fraom the replacememt samples shows
thess two species to consistentiy be the first colonizers
of empty substratum.

‘Both S. benedicti and C, capitata 'ars tube dwelling,
deposit feeding polgchaete worms, They differ in that while
S. benedicti is a surface deposit feeder, C. capitata feeds
on subsurface deposit(See Figure 12). Both species have
pelagic larvas{oenerally--there are some rsmorts that indicate

L. capitata has two forms of larvas), -and toth haue'wide'geo-

‘graphic distribution, These characteristinzs are indicative

of an 'R' type strategy, and, I belisve, of first colonizer
(first successional or sequencial stage) sirategy.
Wass(1967)and Dean(1970)have identifiad 5. benedicti

as a possible pollution indicating organism. This status of

_pollution indicator has also been applied 4o L. capitata

{Reish, 1961). C. czpitatz was also tha first specie to

&



FIGURE 12
LIFE POSITIONS OF STREBLOSPIO SBENSDICTI AND CAPITELLA CARITATA
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gattle in areas heavily affected by the West Falmouth, Mass,

' oil spill(Sanders, Grassle, and Hampson, 1972). It seems

more likely that ths occurrence of these organisms is an
indication of a highly variable environment, as these animals

are abundant in unpolluted estuaries where salinity varies

0-10 o/00, and in salt marshes where salinity is low and

variable and 6xygen sometimes limiting. Their occurrence in
polluted areas appears to be a special case of their ability
to withstand(this isnt't to imply that they are individually

able)highly stressed environments,

In the high densities that these two species occurrad
on the'expérimental piots, their tubes provided a stabilizing
influence on the sediment im the experimental plots., Thus,
the settlement of these organisms prepared the plots for
future colonization by redqcing erosion,. reworking the sedi-
ment, and entraining sediment.

These crganismé are well suited to survive in unstable
situations. Théy-are able to discover empty areas rapidly
and settle in largse numbers. They are pocr competitors, how-
ever, and their population size is quickly reduced as moré
competitive species build‘up-their population densities,

(See Figures 13 & 14).

The next organism to peak, Ampelieca spg,{vadorum?)

is also a tube dwslling deposit fseder{psrs, comm, Alan

Michaels, 1973). These small crustaceans occur in lower

_populatibn densities than the initial bolcnizars(See Fioure

15)., Their tubes are also important sediment binding agents.



S R FIGURE 13
POPULATION OENSITY OF S. SENEDICTI OVER TIME
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FIGURE 14

" POPULATION DENSITY OF €, CAPITATA QVER TIME
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) FIGURE 15
POPULATION DENSITY OF AMPELISCA SP. (VADDRUM?) GVER TIME
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- After two months, bivalves, which up io'this time

lhad low population densities(10-200‘individyals/ mz), peaked,
\J: Deposit feedsrs MQre ence again the‘ﬁirst txﬁa of bivalve to
peak, (See Figures 16 & 17). Like S, benedicti and _c_:__:_ capitata,

the two deposit feeding bivalves, Nucula proximz and Tellina

agilis, utilize different parts of the deposit.Food resource,
N, proxima, a protobranch mollusé, is a subsurface deposit
fﬁf . Fgeder and is highly’motile, while T, acilis feeds on surface
deposit by means of two extensible siphons,

With the onset of winter all of these garly peaking
colonizers experience mortality. However, it must be noted
{f@.r - here that éhe rate of kill off is inversely related to the

order of peaking,

The fdurth group of organisms consists of Solen viridis,

a large,highly motile, filtar feeding bivalve, and Nepthyvs

incisa, a large, predaceous or omnivorous, highly hctile
polychaete worm. These are ths only species which had higher
population dansities cutside the experimental plots than in-
side.(See Figures 18 & 19). . These species mainteined a
:-ﬁﬁ . constant population density in the face of opther animals and
?ﬁr temperature stress(ﬁ; incisa increased its gopulaﬁion density
in winter). Thess species ars obviously poor colonizers, but
they'are good competitors and appear to regresent the benthic
"elimax growth" for the sxperimental site,

It is seen then that the preliminary results from this
study indicate that a succession or seguenca does g%cur during

recolonizzation of defaunated substratum, J& is also clsar

that the twe end members of this epparent succession or



FIGURE 16

POPULATION DENSITY OF NUCULA PROXIMA OVER TIME

£



)

13

LBG NUMSER CF [NDIVIOUALS |

2.00 3,00 4.00 5,00 5,00

R

1,00

-

.00 30,00 60.00 50.00 £20.00 150.00 180.00 210,00  240.00

TIME (IN DRY3) AFTER DEFRAUNATION

(OXPERIMENTRL SITE - INSIDE SAMPLES
LXPERIMENTAL SI1TE - BEPLACEMENT SAMPLES
LXPERIMENTAL SITE - QUTSIDE SAMPLES

270.00



FIGURE 17
POSULATION DENSITY OF TELLINA AGILIS OVER TIME
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S ' FIGURE 18

e POPULATION DENSITY OF NEPTHYS INCISA OVER TIME
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FIGURE 19

POPULATION DENSITY OF SOLEN VIRIDIS OVER TINE
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sequence bear the following felationship:

"
LI '

I. Small,tube duwelling,deposit feeding organisms

adapted to unstable conditions. Good tolonizers,
high reproductive potentlal, high mortallty, poor
compstitors.,

e

Al

w===gdgspost Feedlng bivalves---suspenslon feeders
(small) :

3 : III..Large, mobile non-deposit feeding organisms,
L Poor colonizers, low reproductive potential, low
mortality, good competitors, :

The intérmediate part of the sequence or succession is some-
what fuzzy at present, but it is hoped:that studies con-
E " ducted during the summer of 1973 will elear up the finer

points of this process. .

+

"The sequence or succession is shown graphically in

Figure 20,

i1V, Additonal Res;lts

:”fﬁ | - Making a quantative éstiﬁate of;the p:edators‘ﬁraseﬁt
\f? at the experimental sits is dif?icuit; Divez obssrvations
indicate a large and diverss predator assemblage operating
at the experimental sitz. These include echinoderms(ﬁsferias

forbesi), crustaceans(Libinia emarqin=ta, Cancer spp., Homarus

americanus), pices{Tautoca onitis, ths tautog or'blackfish,

Tautogclabrus adspzrsus, the cunner, Raja laevis,‘tha barn

door skate, nd Psaygogle uronﬂrfﬂﬁ americmoes, the winter

N FlpundEr). These species of invertsbrates and demersal fLish



FIGURE 20

SCHEMATIC OF SUCCESSIONAL OR SEQUENCIAL PROCESS OF
RECOLONIZATION ON EXPERIMENTAL PLOTS

b1l
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are all predacsous on the‘sméll bivalves and polychaetes
present at the experimentél site, and should prove to be

a powsrful requlator of community structure gnd function.
The experimental plots themselves are very likely arstrong
factor in keeping the predators(especiallg the crustaceans
and fish)at the experimgntalusité. Of lesser importance,
at least in ths number of obserﬁed.occurrance§ are the

gastropods{Busycon camaliculatum, Polinices dunlicata(thanneled

whelk and moon snail).

Anothsr iﬁteresting result has been dgrived from the
measUramgnts of sediment water content, éatar content is
correlated with sediment stability, a factor of some importance
to sediment dwelling organisms of both deposit and filter
feeding types. The scale of. sediment.water content heteroc-
geneity is quite small, varying as much-as.éo% pver a dis«
tance of two meters. Tho entire scale patizrn in benthic
communities is liable to be much smallsr than hitherto
bglieved(see Rhoaas and Young,1971). The distribution
of benthic oroanisms of the Ne@ Haven dredgr spoil disposal
area and nearby control areas as well as the benthic samples
taken for the study described here also surgest this, ffiaps
ef organismal distributioﬁ over the Northwest Control site
show than many organisms have extremely paichy distributions.
These maps alsc showed that motile organisme tend to have
an aggregated behavior. Many epifaunal predators exhibit
this clustering behavior and it seems reasmnable to assums

that such clusters practice a sort of 'slzan and burn' economy.
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That is to say that such clusters of predators are able to

‘ defaunafé arcas of the bottom to a 1arge extent, and then

move on to another area, Such a préctice by‘thﬁse motile

L

'predators would also tend to produce patchylnrganismal dis-

tributions,

hY

[

CONCLUSIONS

The most important conclusion, tentative as it may
be, is that there does appsar to bs a successional or at
least a saquentiéi pattern to the recolonization of de~
Faunated-éubstratum. Definite proof of this awaits further
experimentation during the summer of 1973, 1If it is indeed
true that a succession or seguencs does exist, then it may
soon bs possible to detérm%ne the "health" or "grade" of
a benthic community in a given environment(high latitude,
with marked seasonality)with charactersitic spogies ascoc-
jations simply by.convential sampling. This technique may
slso be extended to paleohtplogy, since wernust view patterns
of orgsnismal distribution and abundance in tho benﬁhés as
the result of past events which are recorded in the present

community structure. These patterns of disiribution-and

ebundance are really to be viewsd as a spatial and temporal

mosaic.
It appears that the infaunal benthic macrofauna of

Long Island Sound is prezdapted for stress slaced on the



system by naturs or man. Thers eppear to be tws strategies.
"The first strateqy involves being a_small,tube dwelling, de-
posit feeding organism with a large reproductive pctgntial'
and high larval motility. The second strategy is to be a
large and motile suspension feeder or omnivorg with a low
reproductive potential, but with‘good competitive character-
istics. Since the benthic fauna of'Long Island Sound ére S0
adapted, any local disturbance which'partUrbs the axisging
community structure is quiékly recovered from,
This conclusion has a major implication in dredge
  \' spoil dumping. fF material is dumped during periods of
| high reproductive activity in the benthos(late spring through

early fall), then the spoil materfial will be quickly re-

colonizad'b} smalil tube-dweliﬂng debosit feeders and thus
Eﬁih/ stabilized. The results of the present éxperimant indicate
that a quasi-equlibrium will be achieved on the defaunated
area in approximately three months, This off course assumes
that no toxic méterials are present in the spoil material.
If, on the other hand, the dumping of spoil material is
carried out during periods of low reproductive actiQity
(winter), the spoil materiel will not be guickly recolonizad
and bio-stabilized, but will be subject to erosion and dis-
persion, If ihe goal of the spoil dumping program is ;E TE-
duce such dispersion of the dumped material, this is clesarly
not the tims to dump-dredge spolls has has been suggested
by Pfitzenmeyer(1970).

It has ulso heen argued thai the dumping of tha New

Haven Harber epeil material during the summer and possibly



-y e
late spring will have a deieteripus‘affectrbn oyster

' © larvae which may be kil;ed by high turbidi£y 1evels and
adult oysters in the area of the dredaing Jhich may'be
silted over and killed or suffocated by la;k oﬁ oxygen
due to high uptake of oxygen by reduced porticns of the.

.ﬁi‘ dredgosd sediment. :

Qgs _ _ With these impOrtént considerations in mind it

'%E_ | .séems logical to dredge and dump in the early spring before

the oysters begin reproducing and before thg water tempera-

ture is high enough to require the oysters to be at a high

metabolic 1evél. Dredging and dumping in the.early‘spring

would also provide for spring recolonizatién of the spoil

material before significant disbersion and erosion has taken

place as would be the case in a winter deposition,

§
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AF TE RWORD

It must be stated here that ﬁhe resu%{s presented
in this report are preliminary in natqra.‘.further ex-
perimentation during the éUmmef of 1973 will be necessary
to prove or disprove the successional or sequéntial pattern
of racolonization in.the bentho; téntatively delineated hers.
| It should alsc be noted that the large scale grab
sampling program_is still incomplete. 1t is hoped that
results from this survey will be available by ths end of
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